This paper implements a panel approach to investigate the empirical relevance of 'Thirlwall's Law', which states that long-run growth must be consistent with balance of payments (BOP) equilibrium and is, thus, determined on the demand side. Building on ARDL modelling, mean-group and pooled mean-group estimation methods, we use annual data over the 1960-2010 years for a panel of 22 OECD countries and find significant support for the 'Law'. Next, we also explore empirically the hypothesis that the BOP-constrained growth rate ( ) 
B
y must equal the natural (or potential) rate of growth ( ) N y and find that the data do not reject this hypothesis. Finally, we adopt a new approach, based on panel Granger-causality methods, to explore the direction of causality between B y and N y . The results indicate the existence of unidirectional long-run causality from B y to N y , thus reinforcing the view, embodied in the 'Law', that long-run growth is demand-determined and constrained by the BOP.
Introduction
The emergence of large imbalances in the current accounts of many advanced economies in recent years has received much attention in the literature, renewing the debate regarding balance of payments adjustments and the concept of current-account sustainability. To the extent that they reflect the efficient inter-temporal allocation of capital, temporary current account deficits can be beneficial, but persistent deficits will lead to unsustainable balance of payments problems and, thus, to a default and/or a costly adjustment process via a fall in aggregate demand and growth. Thus, in the long-run, growth must be consistent with a sustainable current account and balance of payments (BOP) equilibrium.
Taking this as a starting point, Thirlwall (1979) proposes a model of BOP-constrained growth which produces a simple rule, known as "Thirlwall's Law", according to which the long-run growth rate consistent with BOP equilibrium is given by the ratio of exports growth to the income elasticity of demand for imports. The model is based on the assumption that relative Purchasing Power Parity (PPP) holds in the long-run, so that relative prices (measured in a common currency) do not change and BOP equilibrium is achieved via adjustments in the level of economic activity.
The "Law" has been the subject of much empirical scrutiny, largely resulting in supporting evidence for the hypothesis that the BOP-constrained growth rate ( B y ) performs well in predicting endogenous to demand is also at the basis of the approach advanced by León-Ledesma and Thirlwall (2002) to estimate the natural rate of growth ( ) N y . Defined by the sum of the growth rates of labour productivity and the labour force, N y reflects an economy's potential growth rate and there is now a growing empirical literature showing that it responds endogenously to actual growth ( ) y (e.g. Dray and Thirlwall, 2011; Lanzafame, 2009 Lanzafame, , 2010 Libânio, 2009; Vogel, 2009 ).
1 Palley (2003) and Setterfield (2006) have analysed the relationship between B y and N y , presenting different theoretical arguments to support the view that the two rates must be equal (or very close) to each other. They argue that, as N y represents the rate of growth of an economy's productive capacity, differences between B y and N y will inevitably lead to ever-increasing over-capacity utilisation (if B N y y > ) or under-capacity utilisation (if B N y y < ), unless there exist adjustment mechanisms operating to reconcile the two growth rates. Palley (2003) suggests that B y adjusts to N y via changes in the income elasticity of demand for imports, which is endogenous to the degree of capacity utilisation and rises with over-capacity utilisation. Thus, when growth is faster than N y , the BOP-constrained growth rate falls towards N y . This argument implies that, ultimately, it is supply-side constraints which determine long-run growth, thus reversing the theoretical approach underpinning Thirlwall's Law. Setterfield (2006) , however, proposes an alternative, demand-driven adjustment mechanism, via which it is N y that converges to B y . In his model, productivity growth is a positive function of the degree of capacity utilisation, so that when B y is higher than N y , the induced productivity growth raises the natural growth rate towards B y . Setterfield's argument is consistent with the hypothesis that the natural rate of growth is endogenous to actual growth, as suggested by León-Ledesma and Thirlwall (2002 Pesaran et al. (1997 Pesaran et al. ( , 1999 . This methodology has a number of advantages over other panel cointegration methods (e.g. Pedroni, 1999; Westerlund, 2007) , particularly in the case in which some of the series under analysis are (or may be) stationary. Thirdly, we use the approach proposed by León-Ledesma and Thirlwall (2002) Thirlwall's (1979) model is based on the following log-linear specifications for the import and export demand functions: π > are, respectively, the income elasticities of exports and imports. In a growing economy, the long-run constraint of BOP equilibrium requires that exports and imports grow at the same rate. Log-linearising equations (1) and (2) and differentiating with respect to time, this equilibrium condition can be expressed as
The balance of payments constrained growth rate
where lower-case letters denote the growth rates of the relevant variables. Assuming that relative prices expressed in a common currency do not change over time, equation ( 
which can also be expressed as 
The constraint to long-run growth takes the form of an upper limit defined by B y , the growth rate of GDP which will equalise the rates of growth of exports and imports.
To avoid the potential problems involved in the estimation of the export function, the empirical relevance of the BOP-constrained growth model is usually investigated relying on the simple rule expressed in (5), which is known as "Thirlwall's Law". This depends crucially on the estimate of the income elasticity of demand for imports ( ) π , which can be retrieved from a standard aggregate import function, such as the log-linear specification ( ) log log log log
As the Law is concerned with long-run growth and the variables involved often display nonstationary behaviour, equation (6) is typically estimated via cointegration methods (e.g. Bairam, 1993; Alonso, 1999; Bagnai, 2010) . 
cannot be rejected at the usual significance levels. McCombie (1989) develops a test of the Law which is built on the "equilibrium income elasticity of imports". This is defined as the value of π which ensures that imports and exports are growing at the same rate and is, thus, given by x y π ′ = . The hypothesis 0 :
which is equivalent to testing B y y = , can be verified using the standard error of the estimated π .
Finally, Alonso (1999) uses π ′ to calculate the implied growth rates of GDP consistent with BOP equilibrium and relies on cointegration methods to ascertain whether the resulting series shares a long-run trend with the actual growth rates, which would support the BOP-constrained growth model.
Econometric methodology: The ARDL approach, mean-group and pooled mean-group estimation
There is a large consensus in the literature on cointegration analysis as the most appropriate approach to study long-run relations in panels and a number of panel cointegration techniques are now available, such as those developed by Pedroni (1999 Pedroni ( , 2001 Pedroni ( , 2004 and Westerlund (2007) .
However, due to low power of the tests, panel cointegration tests can lead to potentially misleading results if a fraction of the series is stationary (Karlsson and Löthgren, 2000; Gutierrez, 2003) . Thus, ascertaining the order of integration of the variables under analysis is an essential precondition to establish whether the use of panel cointegration tests is warranted.
A suitable alternative to panel cointegration tests is the use Mean Group (MG) and/or Pooled Mean Group (PMG) estimators within an Autoregressive Distributed Lag (ARDL) approach, as proposed by Pesaran et al. (1997 Pesaran et al. ( , 1999 . Both the MG and the PMG provide consistent estimates in a dynamic panel context even in the presence of potentially non-stationary regressors.
Moreover, the ARDL approach allows the researcher to retrieve both the short-run and the long-run parameters of the model within the same estimation framework. (1) and cointegrated, the short-run dynamics of the model will be influenced by any deviation from equilibrium, so that it is common to express (8) using the following error correction representation:
where ( ) also eliminates the problems arising from potential (regressor) endogeneity. However, particularly when the analysis of the short-run parameters is also of interest, it is recommended that all of the panel cross-sections be given the same lag order, chosen in accordance to the model and data limitations (Loayza and Ranciere, 2006) .
If both N and T are sufficiently large, estimation of dynamic panel models, such as that formalised in (8), can be performed with several alternative approaches, which differ according to the degree of parameter heterogeneity allowed for. At one extreme, the pooled estimator imposes full-homogeneity of coefficients, while the fixed-effects estimator allows only the intercepts to differ across groups. Both of these estimators will produce inconsistent and misleading estimates if the coefficients are heterogeneous. At the other extreme, the fully heterogeneous-coefficient model imposes no cross-group parameter restrictions and is fitted separately for each group. The mean of the long-and short-run parameters across groups can, then, be estimated consistently by the simple arithmetic average of the coefficients. This is the MG estimator introduced by Pesaran and Smith (1995) . Between the two extremes, the PMG estimator by Pesaran et al. (1999) , combines both pooling and averaging, allowing the intercept and short-run coefficients (including the speed of adjustment) to differ across groups, but restricting the long-run slope coefficients to be the same across groups.
The choice between the MG and PMG estimators depends on the trade-off between consistency and efficiency. The PMG estimator imposes cross-group homogeneity of the long-run parameters, yielding consistent and efficient estimates when the restrictions are valid and, thus, dominating the heterogeneous MG estimator. If, however, the hypothesis of long-run parameter homogeneity is invalid, the PMG estimates are inconsistent while the MG estimator remains consistent. A standard Hausman test on the long-run parameter-homogeneity restriction can, thus, be used to choose the most appropriate between the MG and PMG estimators (Pesaran et al., 1999) .
The ARDL approach: Results
We start our empirical analysis of the "Law" by assessing the stationarity properties of the variables in the import function, i.e. the logarithms of real imports (LogM), real GDP (LogY) and import relative prices (LogRP), using the classic univariate Augmented Dickey-Fuller (ADF) test. The optimal lag length selection was performed using the general-to-specific procedure suggested by Ng and Perron (1995) . The results are reported in Table 1 . The ADF tests indicate that we are dealing with are a mix of I(1) and I(0) variables. But for a few exceptions, real imports and, particularly, relative import prices appear to be nonstationary, while there is evidence of stationarity for LogY in 11 out of 22 countries. As mentioned, in this context the use of panel cointegration tests would be inappropriate and likely to lead to misleading inference. Thus, we adopt the ARDL approach and make use of MG and PMG estimation methods.
As in most of the literature, we focus on "Thirlwall's Law" as expressed in (5) 3 The results are reported in Table 2 . All the estimations return significantly negative error-correction coefficients, providing strong support for the hypothesis that the variables share a significant long-run relation. The models with 1 and 2 lags return very similar results and in both cases the Hausman statistic indicates the PMG method as the appropriate estimator. The PMG estimate of the parameter of interest, the longrun income elasticity of demand for imports π , is strongly significant and equal to about 1.8. 4, 5 Moreover, in no case does the "McCombie Test" reject 0 :
H π π ′ = , i.e. the null hypothesis that, for the panel as a whole, the "equilibrium income elasticity of imports" is not statistically different from the estimate π . As mentioned, this implies that the estimated average B y is not statistically different from the mean growth rate of GDP ( ) y . 6 Overall, therefore, our analysis brings qualified support to the BOP-constrained growth model and the simple rule formalised in Thirlwall's Law.
The relationship between the BOP-constrained growth rate and the natural rate of growth
Adapted to a panel context, the estimation approach laid out by León-Ledesma and Thirlwall (2002) to pin down the value of the natural rate of growth can be based on the following specification of Okun's Law
where the change in the percentage rate of unemployment at time t, i.e. % it U ∆ , is expressed as a linear function of the growth rate of output. Since the natural rate is defined as the sum of the 4 We also estimated the ARDL(3,3,3) model, in which case the Hausman test turned out to be in favour of the MG estimator. Nonetheless, the results and, in particular, the estimated π were, again, very similar to those reported in Table 2 . 5 As an additional robustness check, we performed the estimations including in the ARDL model a set of countryspecific dummy variables to take account of the structural breaks detected by Bagnai (2010) . The results, available upon request, did not change. 6 Over the years considered, for the panel as a whole, the equilibrium income elasticity of imports is equal to 1.83 x y π ′ = = , while the average growth rate is about 3.15 per cent. growth rates of labour productivity and the labour force, unemployment will rise whenever the actual rate of growth falls below the natural rate, while it will fall when growth rises above N y .
That is, the natural rate of growth is that particular growth rate consistent with a non-changing unemployment rate. Thus, setting % 0 it U ∆ = , for each country i the natural rate of growth can be retrieved from equation (10) provide the country-specific estimates of the natural rate of growth. One can then proceed to testing formally the hypothesis that the natural rate of growth is endogenous to the actual growth rate using ( ) 
The model in (12) y and π , as theory suggests that the natural rate of growth and the BOP-constrained growth rate may be correlated. Given that N y and π are retrieved from two different models and estimations, calculating their covariance is not straightforward.
As a way around this problem, we rely on the estimates of 
where the standard deviation of the actual growth rate from the natural growth rate,
included on the right-hand side to control for the endogenous correlation between B y and N y .
Since, as suggested by Palley (2003) and Setterfield (2006) , it is deviations of the actual growth rate from N y which may trigger endogenous changes in the BOP-constrained growth rate and/or the natural growth rate, controlling for the standard value of these deviations in a cross-section setting should do away with or, at least, alleviate the endogeneity problem.
8
The second test relies on an instrumental-variable (IV) approach to deal with endogeneity and is based on
Formally, since the average growth rate is highly correlated with N y , while B y is exogenous with respect to it, we can avoid endogeneity issues using the average growth rate y as a proxy for N y .
This test is an inverted version of that proposed by McGregor and Swales (1985) where, to avoid the problems related to the endogeneity of actual growth with respect to the BOP-constrained growth rate, B y is on the right-hand side and y is the dependent variable. In both tests, the hypothesis of the equivalence between B y and N y will be supported if the null ( ) ( )
cannot be rejected at the usual significance levels. The results, reported in Table 5 , indicate that this is, indeed, the case. Specifically, neither test rejects the null hypothesis and, in both cases, the estimate of the parameter α is very small and insignificant while the coefficient β is significant but not significantly different from unity.
9, 10
The results of these tests, therefore, are in favour of the hypothesis advanced by Palley (2003) and Setterfield (2006) regarding the equivalence between B y and N y . Next, we further explore the issue of whether it is the BOP-constrained growth rate which adjusts to the natural growth rate, or the other way round.
Panel Granger-causality analysis
In this section we examine the direction of causality between B y and N y , as well as between B y and the actual growth rate, by means of panel Granger-causality tests. Briefly stated, our approach is based on the following intuition.
According to Thirlwall's Law, as formalised in (5), the BOP-constrained growth rate is equal to the ratio of exports growth to the income elasticity of demand for imports, which is a fixed parameter (i.e. (14) turns out to be not significant, raising some doubts that this method controls for endogeneity appropriately. 10 As a further robustness check, we also estimated an inverted version of (15) Palley (2003) . Finally, bidirectional causality would be consistent with both supply-and demand-based mechanisms playing a role.
Similarly, Granger-causality methods can also be conveniently used to carry out an alternative test of the hypothesis that the actual growth rate is constrained by the BOP in the longrun. Specifically, this hypothesis will be supported if there is evidence of long-run causality from t x to the actual growth rate. Thus, as a robustness check on the results of the ARDL-based analysis, we will also perform Granger-causality tests on the relation between t x and t y . Granger (1969) More recently, Granger-causality methods have been variously adapted to and implemented in a panel context, mostly in relation to the determinants of economic growth (e.g. Attanasio et al., 2000; Nair-Reichert and Weinhold, 2001; Kónya, 2006) . In line with this literature, we adopt the approach put forward by Holtz-Eakin et al. (1988) proposed by Kiviet (1995 Kiviet ( , 1999 and adapted to unbalanced panels by Bruno (2005) , has been
Panel Granger-causality: Methodology and results

Following
shown to consistently outperform all available alternative estimators, including the commonly-used Generalised Method of Moments (GMM) techniques developed by Arellano and Bond (1991) and Blundell and Bond (1998) which, though consistent, are usually much less efficient (e.g. Judson and Owen, 1999; Bruno, 2005) . Briefly stated, using the approximation of the Nickell bias derived by Kiviet (1995 Kiviet ( , 1999 , the LSDVc approach removes the bias from the LSDV estimator to produce bias-corrected LSDV estimates, while exploiting the smaller variance of the LSDV method with 11 The presence of a unit root in the growth rates t x , t lfe or t y would imply explosive behaviour for the levels of these variables, which is completely at odds with economic theory, as well as empirical evidence. 12 For a recent example of the use of this procedure within the panel Granger-causality context, see Hartwig (2010). respect to the alternative DPD estimators. 13 This results in a very efficient procedure, particularly in small panels such as ours, so that we rely on the LSDVc method to carry out the panel Grangercausality tests.
The LSDVc estimation results are reported in Table 4 . Optimal lag-length selection was performed with a general-to-simple procedure based on the Schwarz Information Criterion (SIC), starting with a maximum of 3 lags. In all cases, the optimal lag-length selected by the SIC turned out to be one. As regards the relationship between the BOP-constrained growth rate and actual growth, we find significant evidence of panel Granger causality from exports growth to GDP growth, whereas the data reject the hypothesis that t y causes t x . This result of unidirectional (long-run) causality from t x to t y is entirely consistent with the hypothesis that it is the BOP-constrained growth rate 13 To save space, the LSDVc technique is not described in detail here. The reader is referred to the relevant references. 14 Use of the Akaike Information Criterion in place of the SBC did not change the results. Setterfield (2006) that it is N y which adjusts to B y , thus supply which responds to demand, contrary to the opposite, supply-driven adjustment mechanism advanced by Palley (2003) .
14
Overall, therefore, the outcome of the panel Granger-causality analysis gives robust support to the Keynesian notion of growth as primarily determined on the demand side, with BOP equilibrium acting as a long-run constraint and productive capacity adapting endogenously when actual growth is above the natural rate of growth.
Conclusions
This paper advocates and implements a panel approach to investigate the empirical relevance of 'Thirlwall's Law', making a number of contributions to the literature.
Building on ARDL modelling, mean-group and pooled mean-group estimation methods, we use annual data over the 1960-2010 years for a panel of 22 OECD countries to estimate the BOPconstrained growth rate and find that it is not statistically different from the average growth rate in the period. This provides significant support for the 'Law', indicating that growth must be consistent with BOP equilibrium in the long-run and is thus, ultimately, determined on the demandside.
Next, following Palley (2003) Overall, the analysis carried out in this paper and the empirical evidence gathered reinforce the notion that the BOP represents the ultimate constraint on long-run growth and give remarkable support to the Keynesian vision of economic growth as being demand-driven.
